Batches of osmium-ammine (OA) complex vary considerably in staining properties when used in a Feulgen-like reaction for selective staining of DNA-containing structures. An alternative procedure for preparation of Schiff-like reagent from OA complex is described. It is based on generation of H2SO3, respectively S02, within the OA solution and ensures more favorable conditions for production of a Schifflike stain than bubbling with SO2 does. The method is reproducible and yields high staining intensity. Data obtained ~ suggest that the ability of OA complex to produce Feulgenlike staining is strongly influenced by variations in its chemical composition. Their unfavorable effect can be overcome by selecting suitable conditions for preparation of a Schifflike reagent. Conditions for obtaining specific and sensitive Feulgen-like staining are determined. ( J Histochem  Cytochem 421643-1649, 1994) 
Introduction
The osmium-ammine (OA) method introduced by Cogliati and Gautier (2) is at present the method of choice for DNA-specific staining in electron microscopy. The aqueous solution of OA complex saturated with SO2 represents a Schiff-like (OAIS02) reagent. It is used in a Feulgen-like reaction after acid hydrolysis on ultrathin Epon sections. The final reaction product is very fine and of high contrast, thus allowing very high resolution. The method enables detection of very thin DNA filaments believed to contain only one DNA molecule (5, 7, 8, 11) and is more sensitive than other cytochemical techniques that merely indicate the presence of DNA (10). Investigations with enzyme digestion and blockade of aldehyde groups prove the high specificity of the reaction for DNA and demonstrate its Feulgen mechanism of staining (for review see 11).
Recently, OA complex has been applied to formaldehyde-fixed, Lowicryl K4M-embedded tissue samples (3, 9) . These studies show that when used with Lowicryl sections without preceding acid hydrolysis, OA complex reacts specifically with both nucleic acids at low pH values. SO2 plays a role only in lowering pH, and it may be substituted by a suitable buffer solution. At higher pH values the specificity for nucleic acids is gradually lost, and at neutral pH the staining pattern does not differ significantly from that obtained with uranyl acetate and lead citrate. The mechanism of staining with Lowicryl-embedded material is believed to be based on charge interactions rather than on generation of pseudoaldehyde groups in the deoxyribose molecule by HCI treatment and a Feulgen-like reaction.
A drawback of the method is that the synthesis of OA complex is not strictly reproducible and batches vary considerably in specificity and staining intensity (3,6,11,12). A method of more stable OA synthesis was reported later (12) . Both methods of synthesis yield batches of OA with identical staining properties when applied on Lowicryl sections ( 3 ,~) .
The present work proposes an alternative method for preparing an OAIS02 reagent that can overcome the unfavorable effect of variations in the chemical composition of OA complex on its staining specificity and intensity. Conditions for obtaining specific and sensitive Feulgen-like staining are also described.
Materials and Methods
Male Wistar rats weighing 130-150 g were used. They were sacrificed under ether anesthesia. Samples from the liver were rapidly fiied in 4% formaldehyde in 0.1 M cacodylate buffer (pH 7.4) for 2 hr. After rinsing in buffer the samples were dehydrated in ethanol and embedded in Lowicryl K4M under TJV light at room temperature (RT) (14) .
Osmium-Ammine Complex Synthesis. OA complex was synthesized in the laboratory as described previously (2J1). It was redissolved in 25 ml of concentrated ammonia solution and left to dry at RT (M. Derenzini, personal communication). The substance obtained was used for all further experiments.
Staining Reaction. Thin sections were mounted on gold grids and hydrolyzed on a drop of 5 N HCI for 30 min at 37°C in a moist chamber. After a rinse with distilled water the grids were floated on a drop of the staining solution for 1 hr at 37"C, then washed thoroughly with distilled water and air-dried.
OA/SO2 staining solution was prepared in a small test tube by dissolving 4 mg of OA complex in 1 ml of 0.1 or 0.2 M freshly prepared HC1 for 10 min with occasional stirrings. Then 50 mg of sodium metabisulfite was added. The test tube was tightly closed and shaken intermittently for 20 min. The suspension was then left to settle for m20-30 min and the liquid above the sediment was used for staining.
Sections not subjected to acid hydrolysis were stained with 0.4% OA All enzymes were from Sigma (St Louis, MO) except for proteinase K, which was from Merck (Darmstadt, Germany). RNAse solution was boiled for 10 min before use. The enzymatic reactions were carried out at 37'C in a moist chamber. The control grids were floated on the buffer.
Micrographs were recorded at 80 kV in a JEM-lOOB electron microscope at magnifications between 10,000 and 20.000. Magnifications were calibrated with a line grating replica.
Electron Microscopy.
All staining procedures were performed at least in triplicate. Figure 1 shows a thin section from Lowicryl-embedded liver tissue after acid hydrolysis at 37°C and staining with OA complex in distilled water bubbled with S02. The contrast generated in chromatin is low and is not adequate for visualization of ultrastructural details.
Results
To compare the staining properties of the OA batch used in this study with those reported in previous studies (3,9), ultra-thin sections were stained with OA stain prepared under the same conditions. When the OA is dissolved in either 0.1 M glycine buffer (pH 1.5) or HCI (0.1 or 0.2 M) only structures known to contain DNA and RNA are stained (Figure 2) . The nucleolus is more lightly stained than the compact chromatin, but both nucleolar components are clearly recognizable. Their fine structural elements (fibrils and granules) are well defined and easily identified. In the cytoplasm, the ribosomes are the only structures stained. Staining at neutral pH (using Tris-HC1 buffer as a solvent) is similar to that observed after uranyl acetate and lead citrate staining ( Figure 3 ). Diffuse components of nucleoplasm and cytoplasm are lightly stained. The internal details of the chromatin fibers are obscure, probably due to protein staining. The nucleolus is stained but discrimination of its components is difficult. In the cytoplasm, ribosomes and endoplasmic membranes are well stained.
The staining pattem of OAIS02 reagent on hydrolyzed sections depends on the pH of the reagent controlled by the HCI concentration. Very high contrast of chromatin structures is observed at HCI concentrations of 0.1-0.2 M, but nucleolar and cytoplasmic RNA-containing structures are not stained altogether (Figure 4) . Loose agglomerates of thin extended DNA filaments are observed within the nucleolar body ( Figure 5) . Their area appears larger when 0.2 M HCI is used for preparation of the stain. Continuity of these filaments with intranucleolar condensed chromatin fibers is often observed. Under these conditions, nucleosomal details of heterochromatin structure are also visible ( Figure 6 ). At lower or higher concentration of HCI (0.05 or 1 M), the contrast of chromatin decreases and agglomerates of extended filaments in nucleoli are hardly visible (not shown). When OA is used instead of OAISO2, chromatin contrast is greatly reduced (not shown).
When acid hydrolysis is carried out at RT, cytoplasmic ribosomes and nucleolar granules are always contrasted to a variable extent ( Figure 7) .
All staining experiments performed are summarized in Table 1 .
Enzyme digestion experiments were carried out to establish which component of visualized structures was stained by the Feulgen-like reaction with OAIS02. The staining pattern is not modified by pre-treatment with RNAse (Figure 8) , proteinase K, or pepsin (Figure 9 ). Chromatin and thin extended filaments forming loose agglomerates in the nucleolar body are the only structures stained. Staining intensity is not reduced. After DNAse digestion ( Figure  IO) , chromatin appears electron-translucent to a variable extent, depending on the duration of incubation, and only residual structures are visible. Agglomerates of extended filaments are not observed in nucleoli.
Discussion
The present study was carried out with a batch of OA complex that did not produce satisfactory staining intensity and contrast when the OAIS02 reagent was prepared by bubbling aqueous OA solution with SO2 (2). It failed to stain acid-hydrolyzed Epon sections altogether. The effect on Lowicryl-embedded tissue was slightly better but far from sufficient to visualize chromatin organization and especially the focal agglomerates of extended DNA filaments corresponding most probably to fibrillar centers (4,5-7). On the other hand, when dissolved in buffer solutions this batch of OA complex produced the same staining pattern as that previously reported in studies with "working" batches of OA complex: strong specificity for nucleic acids at low pH and loss of specificity at neutral pH value (3, 9) . These observations suggest that the failure of some batches of OA complex to produce Feulgen-like staining results from variations in their chemical composition, most probably leading to their inability to form an OAlSO2 reagent by bubbling OA solution with S02. Supporting evidence for such a conclusion comes from the fact that the change in the preparatory procedure brings about very high staining intensity and selectivity.
The reported method of preparing OAISO2 reagent is based on generation of H2SO3, respectively S02, from HCI and sodium metabisulfite within the OA complex solution, and thus ensures more favorable conditions for production of OAIS02 stain than bubbling with SO2 does. It yields considerably higher staining intensity than staining with OA complex alone at the same pH. This suggests the participation of two different mechanisms of the staining reaction: (a) a Feulgen-like reaction with aldehyde groups engendered by acid hydrolysis, and (b) nucleic acid-specific OA staining. The latter mechanism is probably responsible for staining of nucleolar granules and cytoplasmic ribosomes (3,9; and this study). It should be noted that staining intensity obtained in this study with 0.4% OA concentration is identical, if not higher, compared to that obtained in previous studies employing 1-2% solution of OA complex (3, 9) . The method is highly reliable, and reproducible results were obtained in both the present study and further experiments, not reported here, on D-galactosamine-induced nucleolar alterations.
The present study shows that most intense Feulgen-like staining is obtained when OA complex is dissolved in 0.2 M HCI. The use of 0.1 M HCI does not affect staining intensity adversely, but the loose agglomerates of extended DNA filaments appear less intensely stained. A lower concentration of HCI leads to a rise in pH and lower staining intensity. Increase in HCI concentration reduces staining intensity, probably due to excessive DNA hydrolysis and extraction (1) .
Performing acid hydrolysis at RT results in staining of nucleolar RNA-containing granules and cytoplasmic ribosomes. Highly spccific staining of DNA is achieved by hydrolyzing Lowicryl sections at 37°C. As shown by previous studies, acid hydrolysis cleaves RNA molecules and leads to their preferential solubilization and removal (1,13) . The high DNA specificity of the staining reaction was further p r m n by the enzyme digestion controls. which invariably show that DNA is the single structural cell component stained. The end-reaction product is as fine as that reported in previous studies (for review sec 6). so that resolution with this method is identical. This is well illustrated in discerning decondcnscd DNA filaments within nucleolar loose agglomerates as well as the nucleosomal organization of condensed chromatin fibers.
In conclusion, the present work suggests that the staining properties of OA complm are strongly influenced by variations in its chemical composition. Their unfavorable effect can be overcome by selecting better conditions for obtaining the OAlSOz reagent. The method proposed for preparation of OAISO2 reagent from OA complm enables selective and very sensitive staining of DNA.
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